Introduction
The proper performance of a large scale accelerator complex like the CERN network of machines, requires the transmission, over long distances, of precise timing pulses. In most cases the timing pulses are derived from a master clock (usually the RF frequency), and therefore the ultimate time accuracy of the pulses is determined by the quality of the transmission of the clock frequency itself. A similar problem arises when several accelerating stations are distributed around a large accelerator', 2 , or when two machines need to be synchronized RF-wise. In all cases the transmission of a CW wave in the frequency range of several hundred MHz over distances up to several kilometres is the key to a proper synchronization.
The classical solution, using coaxial. cables, is getting more and more difficult and costly, as the frequency and the length of the link increase. The attenuation of coaxial cables, which rises with the square root of the frequency, imposes the use of intermediate amplifiers. This leads to additional cost, complexity and time jitter.
In this context the use of optical fibres as transmission media offers an attractive alternative3, and indeed a 4 The attenuation of light in the fibre (-2.5 dB/km) and the various connections and splices determines the low frequency signal strength. As the current in the photodiode is proportional to the optical power, the attenuation of the electrical signal goes as the square of the optical attenuation.
Indoed, an average electrical attenuation of 5 dB/km is measured (Fig. lb) .
The dispersion of the measurements is due to the effect of the various, not exactly identical, connectors.
At higher frequencies, the dispersion of the fibre (several modes with slightly different velocities can propagate simultaneously in the optical waveguide), combined with the spectral width of the laser, deteriorates the transmission.
This explains the fall off observed on the gain curves for the 4 km and 8 km links.
The corresponding degradation of pulse shape (rise time~2 ns) after an 8 km trip is illustrated on Fig. 2 . The time delay between input and output pulse corresponds to a group velocity of 0.7 c. The quantum fluctuations of the light emission of a semiconductor laser is given by theory4. The essential features are a large peak at the onset of coherent emission (threshold current) and a resonance in the microwave region (several GHz). The noise properties of the laser are described by the relative intensity noise (RIN) parameter4 which is the ratio of the fluctuating power to the coherent optical power.
Using a short fibre connection between the laser and the receiver we tried to measure the RIN parameter of our emitter.
It turned out that the measured value was two orders of magnitude larger than what was expected from theory (-3 x 10-'1/Hz instead of 10-lIs/Hz), and showed no strong dependence with the laser diode current. It is very likely that the emitter noise is rather determined in our particular case by the fibre coupling and subsequent mode selection4. The spectrum of the noise, measured by a spectrum analyzer, is rather flat (up to 1 GHz), except in the case of a bad fibre connection.
In the vicinity of the RF reference frequency the short term stability of the elements of the link become dominant and the noise spectral density, measured by phase comparison between two identical channels, shows a rapid increase.
When the semiconductor laser is connected to a long optical fibre, which is a purely passive element, one would simply expect that the laser noise should be attenuated like the useful signal (-S dB/km), leaving the signal to noise ratio constant. This is in fact, not true: the noise level 2153 is only attenuated by about 2.2 dB/km (Fig. 3 Fig. 3 Relative signal and noise levels (10 kHz BW) Fig. 3 shows the signal and noise levels which can be obtained using the technology described here, as a function of the link distance. Except for short distances, PIN diode receivers are not recommended, if signal to noise ratio is at a premium. On the other hand, the receiver noise, with avalanche photo-diodes, only becomes important for very long distance links (> 15 km). For most applications, the modal noise (laser and fibre combination) is dominant and determines the overall noise properties of the link.
The spectral characteristics of the noise, in the vicinity of the reference frequency, obtained by phase noise measurement techniques, are displayed in Fig. 4 . For a large frequency offset (> 10 kHz) we find the same broadband noise as obtained by direct spectral analysis, whereas closer to the carrier the noise spectral density increases due to the imperfect short-term stability of the components. For comparison purposes, the phase noise spectrum of a very high quality signal generator (HP 8662) is also displayed in Fig. 4 . Another interesting comparison is the following: in the collider mode of the SPS, RF phase noise at the synchrotron frequency is of prime importance for beam lifetime7. The temperature coefficient of the optical fibre itself has been determined directly. 200 Several steps towards larger bandwidths and better signal-to-noise ratios can be envisaged: operation in the 1300 nm spectral window, where the fibre dispersion is very low, and the use of newly devoloped monomode single polarization fibres. In the far future heterodyne and coherent detection1 0 may further improve the quality of the receiver.
